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This paper presents empirical evidence of the profound and long-term damages from adverse natural events on poverty. It analyzes 30 years of macro-level damage data from disasters (including earthquakes, floods, and storms), according to income groups, and shows that low-income countries incur disproportionately large damages relative to their assets. Furthermore, the paper reviews the micro-level evidence of disaster impacts on the livelihoods of the poorest households. The evidence suggests that the poor are significantly more vulnerable and exposed to the economic and human capital losses caused by disasters. It discusses detrimental long-term This paper is a product of the Global Facility for Disaster Reduction and Recovery, and Office of the Chief Economist, Sustainable Development Network. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at jrentschler@worldbank.org, or contact@ junrentschler.com.
consequences for the income and welfare of the poor and the presence of poverty traps that result from damages to productive assets, health, and education. The roles of migration and ex-ante behavior are also discussed. In the context of climate change, the paper underscores the importance of considering the detrimental impacts of smaller but repeated crises, for instance caused by changes in local precipitation patterns. Lastly, the paper offers a brief discussion of policy options for strengthening resilience and highlights the need for further research for understanding the complex direct and indirect effects of disasters on the poor.
Introduction
In recent years, adverse natural events have been increasing both in frequency and the magnitude of economic losses they cause -by now this statistical trend is frequently cited, yet insufficiently challenged for what it reflects and what it does not. Primarily, the drivers behind this trend can be thought to reflect increasing natural hazards at the country level (for instance due to climate change), increasing exposure and vulnerability to hazards, but also more accurate and complete monitoring and documentation systems. However, what is not reflected in this statistical trend is the impact of disasters on the poorest, and their long-term impacts on human and economic development. Oftentimes, the absolute economic losses of poor households are small relative to those of the wealthy, and thus the consequences on the poorest communities are marginalized in the analysis. This paper summarizes the empirical evidence for the disproportionately large impact of disasters on the poor. It explains some of the main mechanisms, which make the poor particularly exposed and vulnerable to disaster losses (such as the lack of risk management systems). In particular, the longer-term and indirect consequences of disasters are discussed, both in terms of economic losses and human capital losses (such as malnutrition and education). In addition to the loss of life and physical destruction, disasters have various direct impacts on households. The economic and human capital losses can significantly lower the welfare and income levels of poor households. Since direct economic losses are associated with further indirect human capital losses, and vice versa, disasters may even result in poverty traps for the poorest households and impair their development prospects in the very long term (see Diagram 1.). Overall, this implies that direct disaster losses at the household level can have further serious consequences for social stability, migration, macro-economic outcomes, poverty and development. In order to prevent or mitigate such consequences, it is critical to strengthen the resilience of poor households.
Diagram 1. Disasters (for instance caused by earthquakes, storms, or floods) have a detrimental impact on the income and human capital levels of poor households -and a decrease in either of them can result in a reduction of the other, thus creating a poverty trap. Building resilience is critical for reducing disaster impacts and limiting damages to the short-term.
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The rest of the paper is structured as follows: Section 2 reviews the macro-level evidence of adverse natural events, suggesting that low-income countries suffer disproportionately high damages from disasters. Section 3 investigates evidence at the household level, with a particular focus on the implications for welfare and human capital of poor households, and discusses the role of ex-ante behavior. Section 4 discusses how disaster damages can translate into long-term and indirect impacts on income and welfare and create poverty traps. Section 5 highlights the importance of not overlooking the detrimental impact from small but repeated disasters -particularly in the context of a changing climate. Section 6 briefly discusses policy options for building resilience, underscores the need for further research to fully understand the link between disasters and poverty, and concludes.
Macro impacts of disasters -
The poor are hit the hardest 2.1.
Evidence at the country level Taking a closer look at the loss data of natural catastrophes of the past 30 years, it becomes apparent that low-income countries suffer disproportionately high damages from disasters, even though the incurred economic losses may appear small in absolute terms. On the contrary, high-income countries have incurred very high economic damages (in absolute terms) as a result of disasters. However, these costs are borne at the margin -i.e., high-income countries have the resources and capacity to recover from these events without significant long-term consequences (at least at the national level).
Evidently, natural catastrophes affect countries around the world, regardless of their level of economic development. Depending on geographical circumstances, developing and developed countries alike can be prone to experience frequent natural "loss events"-for instance, Bangladesh (floods), the USA (hurricanes), or Japan (earthquakes). However, the nature of experienced damages and losses varies significantly across countries. Generally, such variation can be attributed to differences in terms of hazard probability (i.e. the frequency of hazards varies across countries), exposure (for instance, some countries having larger population shares in at-risk areas than others), vulnerability (for instance, countries with poorly enforced building codes being likely to incur more casualties in an earthquake), and resilience (for example, some countries being able to reconstruct more quickly than others). Of these factors, exposure, vulnerability and resilience all depend strongly on a country's level of income.
Based on the analysis by Wirtz (2013) , the following breakdown of the structure of disaster related losses illustrates three key facts: (i) the vast majority of human fatalities are experienced by low-income countries; (ii) absolute economic losses are the highest in high-income countries; and (iii) economic losses relative to GDP are the highest in low-income countries -which has further implications, e.g., for the speed of recovery and reconstruction. Wirtz (2013) Tables 1 and 2 present the most harmful natural catastrophes in terms of fatalities, as well as absolute economic losses between 1980 and 2012. Two features are particularly striking: The vast majority of human fatalities as a result of natural catastrophes are incurred in low-income or lower-middle-income countries (Table 1) . On the contrary, the highest absolute economic losses from natural catastrophes are incurred in high-income economies (Table 2) .
Considering all of the recorded natural catastrophes with human or economic losses between 1980 and 2011 offers a better understanding of how the harmful consequences are distributed across income groups. In this time period, a total of 22,200 events were recorded, of which nearly half were experienced in high-income countries (c.f. Figure 1 ) .4 At 9% low-income countries experienced a relatively small number of natural catastrophes in this time period. It remains an open question to which extent this actually reflects better monitoring systems in high-income countries. Nevertheless, the distribution of fatalities offers a completely reversed image: nearly half of the 2,275,000 fatalities caused by natural catastrophes in the same time period were incurred by countries in the lowest income group, while highincome countries incurred far fewer fatalities (5%). 
In terms of economic losses due to natural catastrophes, the picture also relies strongly on the applied measure and the considered income group: For the period from 1980 to 2011, absolute economic losses of US$3,530 billion were incurred globally due to disasters (mainly due to earthquakes, floods, and storms), of which two-thirds were incurred by high-income countries (c.f. Figure 1 right). Low-income and lowermiddle-income countries combined incurred just over 10% of the total absolute losses (while incurring more than 75% of total fatalities).
Relative to GDP however, low-income countries incurred on average the highest economic losses as a consequence of natural catastrophes (c.f. Figure 2 ). Overall economic losses averaged close to one-quarter of GDP in the lowest-income group, while ranging between 5% and 8% in the other income groups. This demonstrates that even though absolute economic losses were low in low-income countries, the economic burden of natural catastrophes is disproportionately high in these countries, with further implications, e.g., for the speed of economic recovery and means for reconstruction. This is confirmed empirically by Skidmore and Toya (2007) , who use a cross-section analysis of disaster loss data from 151 countries over the 1960-2003 period and find that the ratio of economic losses to GDP is decreasing with GDP per capita. Bakkensen (2013) finds similar results, even accounting for country fixed-effects. This result confirms that rich countries suffer from most of the losses while poorer countries have higher losses when compared with their resources. , 1980 Source: MunichRE, NatCatSERVICE, Wirtz (2013) In addition to these indicators, there exists evidence that in low-income countries various other macroindicators are particularly negatively affected by disasters. Cochrane (1994) , for instance, provides evidence that, especially in countries where recovery and reconstruction costs have to be financed through external borrowing (i.e. typically low-income countries), disasters lead to increased stocks of external debt, and reduce longer-term growth prospects.
Evidence at the subnational level
Evidently, the country-level macro data presented in the previous section fails to reflect conditions at the subnational level: Certain cities or regions within a country may be particularly exposed or vulnerable to disasters. When tracking the recovery of a disaster-affected economy, the slow recovery of an affected region may be disguised behind strong development in non-affected regions.
Regions. In fact, only on rare occasions is an entire country affected by a single adverse natural event. Far more frequent are regional disasters, which leave the rest of the country unaffected or at least less affected. There is evidence that even in highly industrialized economies with large reconstruction and recovery budgets, the occurrence of a disaster can lead to significantly reduced per capita income in the long term. For instance, duPont and Noy (2012) find that the 1995 earthquake in the Hanshin area (Kansai region, Japan) caused a persistent, long-term decline in the regional GDP per capita. They estimate that without the earthquake, income per capita in the region would have been 13% higher 15 years later.
Cities.
A study by Hallegatte et al. (2013) provides comprehensive evidence for the exposure and vulnerability of the world's 136 largest coastal cities in low-income countries. The authors develop different scenarii, based on varying assumptions about future adaptation measures and sea level rise, and assess the economic costs of future urban flood losses. In line with the evidence at the country level, the authors find that the relative economic losses (i.e. expected average annual flood losses, relative to the city's GDP) are particularly large in coastal cities of low income and lower-middle-income countries. A ranking of the 20 cities with the largest relative annual losses includes only four cities from high-income countries. In this context, the authors highlight the importance of adaptation: without significant investments in flood defenses, cities will incur enormous costs from flooding -with cities in low-income countries incurring the largest (relative) losses. Overall, these figures provide a crude idea at the macro level of how similar natural events have different consequences in different countries. This underscores that the conditions which turn a natural hazard into a disaster are created by socio-economic circumstances. The extent to which these circumstances are resilient to natural hazards is at least partially determined by a country's level of income. This also hints at another fact not reflected in the above macro figures: many disasters in high-income countries do not happen in the first place, thanks to high institutional capacity, systems for prevention, and resources available for managing natural hazards and thus averting disasters. Furthermore, as discussed in the next section, particularly in the poorest countries, the true damages from disasters can extend into the very long term and have a significant negative impact on economic and human development. Thus, in the context of poverty alleviation, it is crucial to account for such indirect and long-term impacts in order to fully understand the true benefits from preventing disasters and building resilience.
Poverty and disasters -Impacts at the micro level
While the above discussion demonstrates at the macro level that the poorest countries are hit the hardest by natural events, it yields little insight regarding impacts at the micro level. The aggregation of disaster losses at the macro level merely accounts for the direct economic costs, but fails to consider indirect and long-term impacts on economic and human development. Particularly the poorest households suffer severely from disasters, but carry little economic weight and are thus often marginalized in the analysis. In addition to economic losses, the poor are also more vulnerable to incurring losses, which are difficult to fully capture by standard quantitative analysis (for instance, post-disaster traumas or depression; Baez, de la Fuente, & Santos, (2010)). Hallegatte, Henriet, and Corfee-Morlot (2008) thus argue for a multidimension measurement of disaster consequences, which complements standard quantitative with qualitative assessments. In this way it is possible to investigate the consequences, e.g., for income distribution, poverty levels and employment in informal sectors, which may be of significant size in poor communities.
In line with this argument, Hallegatte et al. (2010) offer a household level analysis of the consequences of the 2005 Mumbai flood on the poorest population and the informal economy. Their findings are representative of the typical poverty implications of disasters in most developing countries: the poorest households were found to be the most vulnerable, as they lacked the resources for coping with the requirements during and after the flooding. While the losses in absolute terms might not appear large, they found that the average flood losses incurred by households corresponded to the average size of savings. Having their entire saving wiped out obstructed the ability of households to recover and reconstruct in the aftermath -not least because the loss of assets entailed further consequences for poor households' creditworthiness, as a majority of sample households found themselves unable to borrow or repay previous loans.
Disaster impacts on household welfare and consumption
The inequality in the level of vulnerability across income groups is reflected in the level of post-disaster consumption -a common proxy for household welfare. Numerous studies show that consumption patterns of poor households are significantly influenced by natural risks. Baez and Mason (2008) (Kazianga & Udry, 2006; Fafchamps, Udry, & Czukas, 1998) . Islam (2013) presents evidence from various flooding events in Bangladesh, and illustrates the welfare implications for poor households: in certain years with major flooding events (such as 1974, 1988, 2004) up to 7.5 mil ha of crops, and more than 4 million houses were damaged or destroyed. This highlights that damages not only affect households directly, but can be transmitted through indirect channels: Damages incurred by the agricultural sector or industrial production (such as destroyed fields, or machinery, etc.) result in reduced employment opportunities, and can constrain the supply of food and other goods, thus driving up prices. Microenterprises that rely heavily on an expensive piece of machinery (the price of the machinery constitutes a significant part or even exceeds annual income) may be deprived of their only source of income, if this piece of equipment is destroyed. This illustrates that poor households will not only suffer from the damages incurred directly to their own assets and livelihoods, but they will also be heavily affected by the disaster impacts on their wider socioeconomic environment. Overall, similar to the macrolevel data, the evidence suggests that in comparison to wealthier households the negative impact on income and consumption levels of the poorest households is disproportionally strong.
An important reason for the strong consumption variability across income levels is the lack of effective systems for risk management and coping available to the poor. It has been widely documented that particularly in poor communities households have limited options to insure themselves against the risk of a disaster, while the existing insurance practices are oftentimes inadequate (Dercon S. , 2002; Fafchamps, Udry, & Czukas, 1998; Skoufias & Quisumbing, 2003) . Dercon (2002) reviews the literature on risk management and coping strategies of poor households, and concludes that such mechanisms are typically unable to prevent poor households from being particularly vulnerable to risk-related poverty. To cite an example, a common practice in poor communities is to save in-kind, for instance by advancing the construction of a house whenever resources become available. Such physical in-kind savings are typically subject to the direct risk of destruction in the event of a disaster, and thus cannot be sold when the proceeds would be needed for coping expenses. Further studies show that households attempting to sell off assets (such as livestock) in the aftermath of a disaster often fail to raise funds in this way due to a collapse in local demand and thus of prices (Dercon S. , 2007; Fafchamps, Udry, & Czukas, 1998; Kazianga & Udry, 2006) . For the same reason, community-based risk-sharing mechanisms often fail in the context of natural events: for instance, a local insurance provider is likely to be unable to provide full insurance coverage if all its members and clients are simultaneously affected by a catastrophic disaster (Skoufias & Quisumbing, 2003) .
This lack of adequate insurance and coping mechanisms, but also of adequate public services and infrastructure more generally, can often be attributed to the lacking institutional capacity common to poor communities and countries. In fact, corrupt and inefficient authorities have a direct impact, particularly on the poorest, and their ability to cope with a disaster and recover from it successfully in its aftermath. Ambraseys and Bilham (2011) for instance present empirical evidence that since 1980, 83% of all fatalities from earthquake-related building collapses occurred in countries with highly corrupt authorities -for instance due to poorly enforced building codes.
Effects on human capital: Education, nutrition, health
The impacts of adverse natural events on income and consumption can have severe direct and indirect consequences on human development indicators of poor households. By analyzing the impacts on human capital, the literature provides a starting point for a more comprehensive understanding of disaster impacts on the poorest individuals. Baez, de la Fuente, & Santos (2010) offer a comprehensive review and assessment of a wide range of studies, which investigate the consequences of disasters of various types and sizes around the world. They confirm that disasters typically entail substantial damages in the short term (such as fatalities and destruction). More interestingly, they find that due to severe impacts on human capital (in particular, nutrition, education, and health), the income generating capacity of households is significantly impaired. In addition, the review by Baez, de la Fuente, & Santos (2010) shows that most socio-economic groups within an affected population suffer negative consequences from disasters -however, the magnitude of such negative consequences varies significantly across different income groups in the reviewed studies. A finding common to all studies is that the poorest population groups are consistently found to incur the most detrimental damages in terms of various human capital determinants. Within the poorest population groups, women and children are found to be most vulnerable to incurring large human capital losses (Baez, de la Fuente, & Santos, 2010) .
Malnutrition.
One of the common human capital losses from adverse natural events is hunger and malnutrion. Evidence suggest that children from poor households are particularly vulnerable to malnutrition during and after disasters, which in turn can have long-term irreversible consequences for health and productivity. Alderman et al. (2006) show that early childhood malnutrition can have impacts potentially lasting a lifetime: evidence from Zimbabwe shows that the 1982/84 drought led to increased probabilities of child stunting, which delayed the school enrollment of these children by on average 3.7 months, and led to worsened performance at school (0.4 grades lower) measurable up to 16 years after the disaster (Alderman, Hoddinott, & Kinsey, 2006) . These impacts can be expected to have further consequences on future productivity and income.
For Sub-Saharan Africa, for instance, studies suggest that children are particularly vulnerable to experiencing malnutrition or famines as a consequence of droughts: evidence of child stunting and undernourishment have been presented for Tanzania, Ethiopia, Zimbabwe, Côte d'Ivoire, and Kenya, among others (Alderman, Hoogeveen, & Rossi, 2009; Yamano, Alderman, & Christiaensen, 2005; Cord, Hull, Hennet, & van der Vink, 2008; . However, besides droughts, it has been shown that excessive rainfall shocks, or strong rainfall variation can also affect nutritional outcomes. Evidence from Bangladesh (1988) and Nicaragua (Hurricane Mitch in 1998) shows that the incidence of infant and child malnutrition increased up to three times as a consequence of such events (Foster, 1995) .
Different to other types of losses, child stunting is irreversible after a certain age. Nevertheless, there is evidence that children from wealthier households who experienced a period of malnurishment can "catch up" with their lost growth and make a physical recovery. However, the chances of such a recovery are limited to a few years, and are clearly conditional on income levels and access to credit: Children from poor households have far lower chances of "catching up" (Foster, 1995; Hoddinott & Kinsey, 2001 ).
Of course, the negative impact of malnutrion due to disasters is not limited to children. The physiological condition of adults, and of women in particular (measured in terms of the body mass index) have been found to be negatively affected following droughts, for instance in Zimbabwe and Ethiopia (Hoddinott & Kinsey, 2001; Dercon & Krishnan, 2000 ) . Nevertheless, the impacts of malnutrition on poor children in their early development are more profound and in most cases irreversible.
Education. As outlined by Baez et al. (2010) , the impacts of disasters on educational outcomes can be transmitted in various ways, and isolating these effects and determining their direction of causality can be difficult. Generally speaking, disasters can result in direct physical damages to education infrastructure (such as buildings), and related services and resources (such as loss of electricity, etc.). In a broader sense, such resources also include teachers, who are just as affected by natural events and are often unable to seamlessly proceed with teaching, as they try to cope in the aftermath. The resulting absence of a small number of teachers can effectively disrupt the education of a large number of children. Potential income losses may furthermore result in reduced school attendance (e.g., due to unaffordable tuition fees), or increased child labor. While the exact role of each of these channels varies from case to case (and remains to be fully understood), overall evidence of the negative schooling effects due to disasters has been documented for various cases.
In principle, income volatility can be expected to result in deteriorating educational outcomes of poor children, as poor households without access to savings or loans are typically forced to divert investments away from non-essential expenses. provides evidence that in those regions in Côte d'Ivoire, which experienced income shocks due to significant agricultural shocks between 1986 and 1987, school enrollment rates declined by 20% in comparison to non-affected regions. Krutikova (2010) offers evidence from Tanzania, showing that income shocks (which may include anything from natural events to theft, or fires) have a significant impact on the school attendance and performance of children from poor households. The author shows that older girls (age 12-15) and younger boys (age 7-11) are most negatively affected, and that these consequences are highly persistent (measurable at least 10-13 years after the shock). This is in line with evidence by Jacoby and Skoufias (1997) , who suggest that a 10% decline in agricultural income due to reduced rainfall would result in an average fall in school attendance by five days in the respective season.
In the context of education, it is crucial to note that adverse natural events have been shown to also increase the incidence of child labor -usually at the expense of schooling. This evidence is part of a broader literature on increased child labor as a consequence of various idiosyncratic shocks, such as economic downturns. Santos (2007) shows that following an earthquake in El Salvador in 2001, not only did school attendance fall by 7% for children from heavily affected households -children from these households were also three times more likely to work. offer further evidence for the impact of Hurricane Mitch in Nicaragua in 1998: The authors find that in those areas heavily affected by the hurricane, children's labor force participation increased by 58%. De Janvry et al. (2006) present further evidence suggesting that poor households use child labor as a mechanism to cope with (temporary) income shocks: survey data from low-income households in rural Mexico shows that more than 25% of teenagers aged 13-16 (younger children to a lesser extent) work intermittently, i.e. transition in and out of the labor force repeatedly whenever needed.
It is important to note that negative impacts on human capital outcomes can be either a direct or an indirect consequence of disasters. Impacts are direct if, for instance, an earthquake destroys schooling facilities and thus directly reduces school attendance of children. However, if a flood destroys a household's savings, an indirect consequence of this may be to take children out of education in order to be able to afford essential consumption needs (such as food). Similarly, in the context of nutritional outcomes, a disaster may decrease the general availability of food (direct), or it may weaken a household's financial situation such that it can no longer afford a balanced diet (indirect) -and these effects may further result in malnourishment, thus reduced cognitive abilities and educational outcomes.
The distinction between these direct and indirect channels becomes important when designing policies for building resilience: In the above schooling example, direct impacts would need to be addressed by making school infrastructure more resilient -this could mean to make school buildings earthquake-proof, or having contingency plans in place which allow the restart of teaching in provisional facilities soon after a disaster. If a post-disaster decline in school attendance is due to the affected household experiencing an income shock, building resilience may mean to establish an effective system of social protection nets, or (conditional) cash transfers. This could prevent households from sending children to work rather than school. However, in order to make such policy choices, the nature of the link between disasters and human development outcomes needs to be understood more thoroughly.
Migration
A further common consequence in the aftermath of disasters is regional or even transnational migration. Such post-disaster migration is typically based on both 'push-factors' and 'pull-factors': Deteriorating socioeconomic conditions in the affected region, for instance lacking employment opportunities, may cause households to relocate. Similarly, the prospects of better employment opportunities, or safer living conditions, may attract households to non-affected regions. Such conditions are often overlooked in macro-data analyses: Even once the macroeconomic indicators of a country have recovered to pre-disaster levels at the national level, the conditions in affected regions may still be far from having fully recovered. This economic slowdown reduces labor demand in these regions, while labor demand in non-affected regions remains comparably high. This labor market imbalance is likely to cause migration as an economic adaptation behavior. Dillon et al. (2011) have documented such ex-post migration by poor households after weather related events in northern Nigeria. They highlight that weather related events mainly affect agricultural productivity and thus lead rural households to migrate to urban areas. The authors conclude that urban migration is likely to further strain limited resources in cities, for instance in terms of residential space, or labor market outcomes. In fact, Strobl & Valfort (2013) offer evidence from Uganda that an increase in weather related migration rates decreases labor market prospects for both incoming migrants and present residents.
These results hint at further consequences from disaster-related migration: In low-income countries, when households from the poorest and most vulnerable income groups migrate, their situation may not necessarily improve. The lack of productive assets, ill-suited skill sets and unfamiliarity with the new environment can have significant impacts on urban development and poverty conditions. Furthermore, rapid urbanization combined with poorly enforced building codes and land rights may result in increasingly risky settlements within cities. Hallegatte et al. (2010) observe for instance that in the case of Mumbai, many of the river banks are inhabited by poor slum dwellers who once migrated to the city and occupied cheap land, which is subject to significant risk of regular flooding. The lack of economic opportunity and poverty resulting from migration is also considered to be a driver of social tensions, and in some cases violent conflict (Reuveny, 2007) .
In order to reduce their exposure to risks, households may choose to migrate to areas with less frequent or smaller natural hazards (Dillon, Mueller, & Salau, 2011) . So far, there is little empirical insight to the social and economic obstacles to individual migration as an adaptation strategy after a disaster. Particularly for the poorest and most vulnerable households the costs of migration, as well as the challenges of adapting to the new environment, and job search with limited skill sets could create critical obstacles. A recent study by Bryan et al. (2012) provides evidence from a randomized control trial in Bangladesh, which provided poor households with a $8.50 incentive to migrate during pre-harvest lean seasons, which are particularly prone to food shortages and famines. Remarkably, they find that this incentive induces the seasonal migration of a family member in 22% of all households, and that the household's food consumption increases by 30% as a consequence. Even once the incentive is removed, these households are found to repeat the seasonal migration practice in subsequent years. These findings by Bryan et al. (2012) suggest the cost of migration can indeed be a considerable obstacle to households close to the subsistence level. This implies that the risk of failure from a migration strategy (e.g. failure to find a job at the destination) leads to risk aversion, which may prevent households to experiment with migration, even if a disaster occurs regularly and can be anticipated.
Overall, when considering the true costs of disasters, migration and its indirect consequences need to be accounted for. These complex socio-economic interlinkages and drivers are analytically difficult to isolate from other shocks, but can critically influence the welfare level of the poor after a disaster.
The impact today of a disaster tomorrow
The presence of natural hazards, and a lack of resilience to them, can influence household behavior significantly. Particularly for the poor the absence of effective risk management mechanisms and social safety nets can constrain their economic and human development. One reason for this is the lack of formal insurance, lending, or social security institutions, which causes households to make predominantly lowrisk and low-return investments (Zimmermann & Carter, 2003) . For instance, in anticipation of future disasters a household may decide against investments in productive machinery, which could otherwise constitute an important source of household income. While this behavior allows households to mitigate the risk from natural hazards over time, it can also significantly reduce their lifetime earnings and reduce investments in human capital accordingly.
The anticipation of future external shocks can prevent occupational specialization, and thus lead to suboptimal labor market outcomes. Bandyopadhyay and Skoufias (2013) analyze the link between rainfall variability and occupational choice in rural Bangladesh. They find that diversification of occupations within a household is used as an ex-ante risk management strategy in the face of local rainfall variability risks (droughts and floods). However, the authors provide empirical evidence that occupational diversification within households has negative effects on long-term welfare and consumption. They suggest that in order to mitigate risk, household members choose occupations which do not necessarily match their skills sets, and thus are not as productive as they would be if they specialized.
For similar reasons, poor households which anticipate the occurrence of disasters may decide to minimize savings (such as in-kind savings in the form of physical assets), as such savings would be at the risk of destruction in the case of a disaster. Such savings decisions result in lacking financial buffers (i.e. financial resilience) which would allow households to smoothen consumption in the event of transitory shocks such as droughts or floods -and may thus have further poverty implications.
The lack of clear and effectively enforced land rights has also been found to have similar effects on poor households: Facing the permanent risk of eviction from their homes, poor households are unlikely to invest in the physical resilience of their homes (such as retrofitting to strengthen homes against earthquakes). Such decisions to not invest can severely increase the vulnerability and worsen consequences in the event of a disaster (for instance fatalities due to collapsing building structures). As in other examples, the strengthening of institutional capacity and reliable protection of rights would help to create an environment conducive to resilience enhancing investments.
In line with this argument, Dillon et al. (2011) present evidence from Nigeria that disaster related migration by poor households is not only a reaction to a disaster (such as a drought), but can also happen ex-ante. In fact, Dillon et al. (2011) highlight that poor households can actively use such preemptive migration as a risk mitigation strategy -for instance by having members of the household migrate to a destination, where risks are least correlated with risks at home, and thus spatially diversifying income sources. If a household perceives the hazard and their vulnerability to be too high, it may decide to migrate as a whole -with the various potentially negative consequences outlined in the previous section. However, previously presented evidence from Bangladesh by Bryan et al. (2012) suggests that very poor households may be deterred from using this strategy due to the up-front costs of migration. This is possibly the case when future damages are anticipated to be manageable.
Poverty traps and long-term impacts
While the economic and human capital losses presented in the previous section are severe in their own right, it is critical to understand how these can obstruct long-term development, and create poverty traps. Various studies document how the post-disaster welfare level, approximated by consumption levels, is often significantly and persistently lower than the pre-disaster level, especially in the case of the poorest households. The reason for this is that those who are already surviving on income and asset levels close to or below the poverty line, will typically be forced to sell off productive assets (such as livestock or land), in order to afford the basic minimum of essential consumption (such as food and shelter). However, by depleting productive assets in order to subsist during transitory shocks, poor or near-poor households compromise their ability to sustain their pre-disaster income levels, and thus potentially lock themselves into poverty in the long-term. This effect is reinforced, as households are often not only forced to dispose of productive physical assets, but also reduce other vital expenditures, such as investments in their human capital. Deteriorating health and low education are then even more likely to perpetuate poverty as a longterm impact of a disaster. Such poverty traps can in fact be passed on to subsequent generations: Children are often particulalry vulnerable, as lacking investment in their health and education reduces economic opportunities for them and their future households (Ferreira & Schady, 2008) . Maccini and Yang (2009) analyze the role of early-life rainfall on the long term socioeconomic outcomes of Indonesian adults. They find that women who experienced 20% higher rainfall during their birth year have on average undergone 0.15 more years of schooling and have 5.2% higher household incomeseven 26 to 47 years after birth. This suggests that early-life rainfall has a significant positive impact on the long-term welfare outcomes of women, while no similar correlation is found for men -possibly due to preferential treatment when resources are scarce. Maccini and Yang (2009) suggest that higher rainfall is associated with higher agricultural production, thus improving household income, nutrition and health. These are beneficial for girls' human development, eventually leading to a higher socioeconomic standing even in the very long term.
Indeed, various studies confirm the existence of poverty traps as a result of disasters. Similarly, Carter et al. (2006) analyze data for the 1998/2000 drought in Ethiopia and the 1998 Hurricane Mitch in Honduras to investigate the role of households' income levels in the recovery process. They document differences in the speed of recovery across income groups, while the poorest households in both countries were particularly likely to experience poverty traps: Above a certain threshold level of income (e.g., in Honduras estimated at roughly $250 per person per year), households manged to recover their pre-disaster level of assets. Households with annual incomes below this threshold were unable to fully recover their pre-disaster asset levels even in the long term.
Along the same lines, Dercon (2004) presents evidence from the 1984-1985 famine in Ethiopia, as a consequence of which poor households did not manage to recover to pre-disaster consumption levels for on average ten years. Similar evidence exists for the droughts in 1999 in Ethiopia (Carter, Little, Mogues, & Negatu, 2006) , as well between 1991 and 1995 in Tanzania, where more than ten years after the disaster the poorest households faced consumption levels between 17% and 40% lower than pre-disaster (Beegle, Dehejia, & Gatti, 2006) . Further evidence for long-term negative impacts on welfare indicators of households, such as consumption, earnings and labour market outcomes, has been presented for Brazil, Honduras, and El Salvador (Mueller & Osgood, 2007; Rodríguez-Meza & González-Vega, 2004; Baez & Mason, 2008; Carter, Little, Mogues, & Negatu, 2006) .
These findings on malnutrion as a consequence of disasters have various implications for the link between disasters and poverty outcomes. A weak physical constitution due to early chilhood undernourishment, is argued to result in poorer cognitive skills, reduced life expectancy, and chronic diseases, which in return can all be expected to reduce labor market productivity and lifetime earnings. Hoddinott et al. (2008) manage to capture and quantify this long-term effect on earnings by using data from a nutrition supplementation project in rural Guatemala (1969 Guatemala ( -1977 : they find that those who received nutrition supplements during age one to three, had 46% higher average wages than stunted children. This suggests that if disaster-induced malnutrition affects a child in its critical early-childhood years, it can have a substantial effect on future earnings and productivity -thus, protecting the post-disaster nutrition status of children in low-income households could be an important and cost-effective long-term economic investment. Baez, de la Fuente, and Santos (2010) offer a further comprehensive review of the literature on the long-term effects of disaster related malnutrition.
Similar evidence has been found for the long-term effects of educational outcomes. De Janvry et al. (2006) , for instance, present evidence from Mexico for state dependence: Once children have been taken out of school, even if it is only due to a temporary shock, they are 30% less likely to proceed with their education than children who remain at school. This suggests that temporary spending adjustments by poor households often result in permanent shifts -at the expense of the child's human capital and future productivity.
As a critical consequence of such poverty traps, affected households become significantly more vulnerable to future disasters and are susceptible to incurring increasingly severe consequences on their livelihoods. For instance, the lack of in kind savings, lack of collateral for obtaining credit, or weaker health conditions, deprive households of the basic coping capacity, which they may have had at their disposal in the first instance.
These poverty traps at the micro level can in fact threaten socioeconomic prospects at the macro level, and annihilate previous gains and future prospects of economic development and poverty reduction. Roy and Kreimer (1999) , and Benson and Clay (2004) have stressed that low-income countries with limited reconstruction capacities are more likely than high-income countries to suffer from strong long-term impacts to economic development. Hallegatte et al. (2007) extend this argument and show that regular disasters can lead to macro-economic poverty traps in low-income countries, which lack the capacity to rebuild destroyed infrastructure at a sufficient pace after each event in order to accumulate productive capital. Loayza et al. (2012) provide further empirical evidence that low-income countries are particularly sensitive to natural events, with damages persisting in the long-term. In addition, Miguel, Satyanath, & Sergenti (2004) find that economic and social consequences of a disaster can highly increase the risk of conflict.
The detrimental power of small repeated crises
The observation that the first occurrence of a disaster pushes poor (or near poor) households into poverty traps and reduces their ability to cope with further disasters necessarily raises the question about the impact of repeated crises. Evidently, the long term welfare levels attainable by poor households will not only be affected by the severity, but also the frequency of disasters. If households cannot recover their pre-disaster level of consumption before the next disaster occurs, households find themselves in the vicious cycle of a poverty trap: lacking coping capacity, more severe consequences, longer recovery periods, and persistently reduced income reinforce a downward spiral perpetuating poverty.
Diagram 2. Poverty traps: The vicious cycle of perpetuated poverty and vulnerability
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The role of more frequent, even though possibly smaller natural crises becomes particularly relevant considering the anticipated impacts of climate change. In addition to large natural catastrophes, which typically affect entire regions (such as earthquakes or hurricanes), climate change can be expected to lead to increasingly frequent natural hazards for those located in at risk areas. For instance, changes in local precipitation patterns are likely to results in local natural hazards, which have the potential to materialize frequently -for instance, landslides, and crops affected due to soil erosion or droughts. Especially in poor rural communities, which rely heavily on agricultural productivity, frequently occurring natural crises can have a detrimental effect and create poverty traps through the mechanisms discussed in the previous sections and Diagram 2. In addition, people historically not affected by natural hazards and thus with low resilience levels may also be increasingly at risk as a consequence of climate change.
Lavell (1999) is one of the few emphasizing the importance for policy makers to take into account small, but frequent disasters. He argues that the cumulative impact of such events could in fact be just as severe as those from major disasters. In practice however, large scale disasters attract the most attention from policy makers. Similarly, most of the existing literature focusses on the impacts of major natural catastrophes, whereas empirical evidence is scarce about the magnitude and time scale of losses due to smaller repeated natural crises.
The lack of attention by policy makers can also be attributed to the political economy of managing risk:
The benefit of mitigating the risks from small repeating crises is likely to only materialize in the longterm, i.e. much longer than political mandates. Furthermore, such benefits tend to be difficult to observe and measure. Effectively this implies that addressing smaller disasters yields lesser political reward, which results in a bias towards less effective ex-post action, rather than prevention and building resilience. Linked to this is the fact that public attention tends to be easily captured by major disasters with high damages and fatality figures, but far less so when disasters are small. This bias is also both a consequence and reason for biased media coverage, which largely overlooks small repeated crises.
Results by Hallegatte et al. (2007) suggest that also at the macro-level, the frequency of disasters can play a critical role: If financial capacity is insufficient to rebuild destroyed infrastructure quickly enough after a disaster, a country will be unable to build a sufficient stock of productive capital. This implies that countries such as Guatemala which experience frequent extreme weather events are at an increased risk of poverty traps.
Toward resilience -Discussion and conclusion
Building the evidence base. The existing literature provides clear evidence that poor people are in general the ones suffering the most adverse and long-lasting damages from disasters. However, understanding and experience is still limited as to which concrete measures can effectively build resilience and prevent poverty traps. As the nature and importance of different transmission channels of disaster impacts vary significantly according to country specific circumstances, research needs to determine how to tailor effective yet flexible policy measures in the interest of the most vulnerable. Research on conditional and unconditional cash transfers could be one promising part of what needs to be a comprehensive evidence base for comprehensive policies for resilience building.
Furthermore, the understanding of the impact of repeated natural crises is still limited. This partly reflects a fundamental data problem, as smaller repeated disasters and weather events are poorly monitored. While large disasters are documented increasingly well, the impact of small disasters is particularly difficult to isolate from other effects, which influence outcomes in household welfare. Thus, further research is required to quantify the negative impacts of small repeated crises and the mechanisms behind them -only then can informed and effective policy measures be taken. The understanding of such smaller repeated crises is also of increasing relevance considering the impact of climate change on local precipitation patterns.
The stark asymmetry which currently characterizes disaster risk policies means that the focus is on ineffective ex post relief measures, rather than building resilience. Quantified and widely accepted understanding of disaster losses and the associated mechanisms, repercussions and side-effects on human capital and poverty traps will confront policy makers with a stronger case for building resilience among vulnerable population groups ex ante.
Making informed policy choices. The concrete measures needed in order to protect vulnerable groups from the adverse impacts of disasters will essentially depend on the mechanisms and circumstances specific to the country (or even region, community, and household) -such as institutional capacity, existing risk management systems (incl. physical and financial), labor market structures, etc. Depending on the channels through which disaster losses are transmitted and reinforced, policy makers are required to provide different types of support. This includes the implementation of ex-ante, i.e. prevention, measures (such as protection and early warning systems, and other risk management tools), as well as of ex-post, i.e. coping, mechanisms (such as insurance systems, cash transfers or the provision of flexible social safety nets) -and these measures may need to be implemented (and coordinated) across the household, regional and national levels. Baez, de la Fuente, and Santos (2010) particularly underscore the importance of effective social assistance programs, such as social safety nets and cash transfer programs for affected population groups. Such programs can help in preventing low-income households from selling off productive assets, or from diverting money away from human capital investments in order to ensure a minimum consumption level; thus such policies can be essential in preventing poverty traps and adverse effects on welfare and human capital.
In general however, strengthening disaster resilience of the poor requires the provision of flexible systems of risk management, which can build resilience to the various impact channels of disasters. From the process of knowledge generation and dissemination, to the implementation of prevention and coping measures, risk management needs to account for more than the financial dimension and must aim to protect human capital and livelihoods, particularly of the most vulnerable. In this process it is essential to also account for the indirect and long-term losses caused by disasters. In practice this will require policy makers to act in forward looking, well-coordinated and integrated manners -which can be particularly challenging in low-income countries.
The role of authorities. While the adequate choice of concrete policy measures depends on the circumstances in each case, the role of authorities is of major importance in any case. From the national to the local level, governments play a crucial role in protecting the welfare of the poorest in the aftermath of a disaster. The provision of effective, flexible, scalable, and well-targeted assistance requires institutional capacity, which is typically inadequate in low-income developing countries. While higher-income households may have the means and capacity (at least to a certain extent) to manage their risks and cope with the consequences of a contingency, the poorest households are particularly dependent on government support. In the long run, this means that in an effort to reduce the losses experienced by the poor, it is crucial to strengthen institutional capacity and improve the integration and coordination of risk management across different government bodies and levels. In practice this could require the establishment of a dedicated disaster risk management body, which coordinates action across ministries and government levels. Only in a strong institutional environment will the vulnerable be able to strengthen their resilience and reduce the risk of poverty traps and long-term damages.
Trade-offs -choosing policy measures with the highest impact. It is important to recognize that simply implementing risk management measures targeted at the poorest and most vulnerable is not necessarily the most effective way of building their resilience. This implies that policy makers need to evaluate tradeoffs and co-benefits, in order to determine in which way limited resources can have the highest impact. This may confront policy makers with politically difficult choices: When aiming to strengthen resilience, should policy measures target the most vulnerable directly, or is it more effective to target a broader population set? The latter approach may yield critical co-benefits to the poor and reduce their vulnerability. Generally, evaluating such trade-offs requires a thorough understanding of the mechanisms at work: if lacking resilience is due to structural issues in the broader socioeconomic environment of the poor and vulnerable, a broader approach may be more effective (e.g. policies for nationwide economic growth may also improve the financial resilience of the poor). Similarly, if lacking resilience is due to a specific external obstacle, policy action might need to target this rather than the vulnerable directly (e.g. reforming general land rights may significantly increase the resilience of slum dwellers). An approach directly targeting the poor may be more effective, if vulnerability is due to for instance a specific missing service directly affecting the risk management capability of the poor (such as insurance).
Other trade-offs may relate to choosing the location of policy measures. In certain cases the risks faced by the population are extremely high. The cost of protecting and insuring against extreme hazards can be unacceptable relative to the available resources, and drain resources from other purposes. For instance when a certain population group is located in an extremely risky area, targeted measures to reduce their risk to an acceptable level may be prohibitively expensive. Rather than investing in costly protection at this risky location (e.g. by building a dike) and thereby only helping a small group, policy makers may need to consider providing assistance and incentives for this population group to move to less hazardous areas, and making investments in resilience and risk management with benefits extending to a larger population.
Overall, the evidence presented in this paper calls for strong action towards building disaster resilience. Poor people are typically the most vulnerable population group, as they suffer disproportionately large disaster losses, which often reduce their living standards in the very long term. This can lead to perpetuated poverty traps and reduce development prospects of entire countries. For policy makers to make adequate decisions, the understanding of the mechanisms and repercussions of direct and indirect disaster losses needs to be improved and documented. Based on such evidence, policy makers need to identify the most appropriate measures for increasing resilience of the most vulnerable -this includes the evaluation of trade-offs and identification of the highest impact measures for building resilience. Once adequate measures are identified, they need to be implemented in a coherent and integrated framework, by coordinated and capable and politically independent authorities (if at all possible). The implementation of all of these suggestions will in practice be impaired by a variety of obstacles, for instance due to the political economy of risk management. However, even if the implementation falls short of perfection, it is evident that as much progress as possible must be made in order to protect the livelihoods of the most vulnerable and poorest by building resilience.
